In tammar wallabies kept in normal daylengths between the equinoxes, births occurred at the normal time after the summer solstice and the progesterone profile reflected this cycle. There were no significant changes in plasma prolactin. In tammars placed in a 15L : 9D photoperiod and then, 5 weeks later, in 12L :12D, births occurred 29\p=n-\36 days after the daylength was reduced. A characteristic transient peak of plasma progesterone occurred 8\p=n-\14 days after the change, indicating a delay of 3\p=n-\9 days in the resumption of luteal activity. Plasma prolactin levels were significantly higher (> 40 ng/ml) (P < 0\m=.\01)during the solstitial daylength, declining to <30 ng/ml within 14 days of the reduction in photoperiod. Animals kept in 12L : 12D and then in 9L :15D gave birth asynchronously after entry into the pens, suggesting that this daylength (12L:12D) is permissive. Changes in plasma progesterone reflected the resumption of luteal activity but no significant changes in plasma prolactin were observed.
Introduction
Seasonal breeding, closely associated with annual changes in photoperiod, is a common phenomenon in eutherian mammals (Reiter, 1980) . Many marsupials also breed at specific times of the year but in only 3 species has the influence of changing photoperiod on breeding activity been examined. Manipulation of photoperiod induced an earlier return to breeding in the dasyurid, Sminthopsis crassicaudata (Godfrey, 1969) , and allowed breeding to continue after the end of the normal breeding season in the American opossum, Didelphis virginiana (Farris, 1957) . Animals of both of these species begin breeding after the winter solstice in response to increasing daylength. In the tammar wallaby, Macropus eugenii, births occur in the majority of females about 1 month after the summer solstice (Andrewartha & Barker, 1969) . This seasonality is retained in tammars transferred to the northern hemisphere as they again give birth 1 month after the summer solstice, in June (Berger, 1970) .
Conception occurs immediately post partum and the resulting corpus luteum and blastocyst remain quiescent for 11 months (Berger, 1966) . Removal of the pouch young (RPY) during the period of declining daylength (lactational quiescence) induces reactivation of the corpus luteum and blastocyst; a peak of plasma progesterone occurs on Day 5-6 ± 0-55 (mean ± s.d.) after RPY (Hinds & Tyndale-Biscoe, 1982a) and birth on Day 26-4 ± 0-57 after RPY (Merchant, 1979) . Reactivation in response to loss or removal of the pouch young does not occur during the period of increasing daylength but can be induced by altering the photoperiod. Sadleir & Tyndale-Biscoe (1977) demonstrated that a reduction in daylength by 3 h during the non-breeding season (seasonal quiescence) could induce reactivation of the corpus luteum and blastocyst such that birth and postpartum oestrus occurred 29-36 days later. This represents a lengthening of the normal cycle by 3-10 days.
Prolactin is thought to be the agent which tonically inhibits the corpus luteum during quiescence (Tyndale-Biscoe & Hawkins, 1977 ; Sernia & Tyndale-Biscoe, 1979 ; Stewart & Tyndale-Biscoe, 1982) , and plasma prolactin concentrations, which are low during the period of declining daylength but high during the period of increasing daylength (Tyndale-Biscoe & Hinds, 1981 , support this. The aims of the present study were two-fold. Firstly, to examine the hypothesis that seasonal changes in plasma prolactin are directly related to changing photoperiod, plasma prolactin concentrations were measured before and after an artificial change in photoperiod. Secondly, to determine whether, and when, the transient peak of plasma progesterone occurs after early termination of diapause induced by a reduction in photoperiod, plasma progesterone concentrations were measured before and after a change in photoperiod.
Materials and Methods
Animals. Animals were maintained in the 6 light-proof pens described by Sadleir & Tyndale-Biscoe (1977) . Three non-lactating females whose young had been removed at least 5 weeks earlier were placed in each pen and provided with lucerne chaff, oats, fresh cabbage and water ad libitum. The experiment began on 11 September 1980, using 3 light regimens in duplicate (Text- fig. 1 ). Animals in Group A (controls kept in normal Canberra daylength) (N = 6) were subjected to a changing photoperiod which followed the pattern for 37-5°S latitude; those in Group (solstitial photoperiod) (N = 6) were subjected to 15 h light/day (15L :9D) until 20 October 1980, when the daylength was reduced to 12L:12D; and tammars in Group C (equinoctial photoperiod) (N = 6) were kept in 12L:12D until 20 October 1980, when the daylength was reduced to 9L:15D. Blood samples (3-5 ml) were collected from the lateral tail vein of each animal at weekly intervals from 15 September until the completion of the experiment. Daily blood samples were collected for 15 days after the change of lighting regimen on 20 October, and during this period the red blood cells were resuspended in sterile, buffered sodium citrate and returned to the vascular system to maintain normal haematocrit levels. All blood samples were taken between 08:30 and 10:30 h, centrifuged, and the plasma stored in 2 aliquots at -20°C until assayed for progesterone and prolactin respectively. One male was placed in each pen on 7 October 1980. This was necessary since the endpoint of the experiment was the detection of births or, for any female not carrying a dormant blastocyst, detection of oestrus. Oestrus was detected by the presence of a copulatory plug in the urogenital sinus.
Assays. Plasma progesterone was determined by radioimmunoassay as described by Sernia, Hinds & Tyndale-Biscoe (1980) using antiserum S230. The assay had a sensitivity of 25 pg/ml plasma and the intraand inter-assay coefficients of variation were 9 and 13% respectively. Prolactin was determined by the heterologous radioimmunoassay of McNeilly & Friesen (1978) validated for the tammar by Hinds & Tyndale-Biscoe (1982b) using antibody 33-9 and ovine prolactin NIH-P-S12 as standard. The limit of sensitivity was 3 ng/ml. Intra-and inter-assay coefficients of variation were 8 and 12% respectively. The recovery of a range of concentrations of prolactin added to tammar plasma closely correlated with the actual amount added (r = 0-998, < 0-001 ) and was always within 12% of the expected value. All samples for an individual animal were analysed within one assay. 
Results
Group A One female which gave birth 36 days after being placed in the pen was removed from the experiment, and is therefore not included in the analyses of the hormones. The other 5 females gave birth and/or mated between 23 January and 4 February 1981, 134-146 days (140-8 ± 2-1, mean ± s.e.m.) after the start of the experiment. The mean date of birth/oestrus for these 5 animals was 29 January, the same as for animals in the outside yards.
Group
None of these animals gave birth or mated during the period they were exposed to long photoperiod but all 6 gave birth and/or mated 29-36 days after the photoperiod was reduced to 12L : 12D (Table 1) . This response is identical to that described by Sadleir & Tyndale-Biscoe (1977) for this treatment. 
Group C
The animals responded to the initial change from outside natural lighting to a 12L:12D photoperiod, i.e. before the daylength was reduced to 9L : 15D. The response was asynchronous and births and/or oestrus occurred at random intervals between 40 and 66 days after the start of the experiment (Table 2) . Nevertheless, when the pouch young were removed from these females on 17 November all gave birth and/or entered oestrus 28-2 + 0-8 days later (Table 2) . These cycles were similar in length to cycles initiated by removal of pouch young in the breeding season (Merchant, 1979) .
Plasma progesterone concentrations
In all groups resumption of luteal development was reflected by an increase in plasma progesterone levels. In Group A plasma progesterone remained low (<200 pg/ml) until early fig. 2c ) while the interval from the peak to birth was 21-4 ± 0-2 (mean ± s.e.m.) days (Table 2 ). In both groups plasma progesterone levels in the later stages of the cycle followed the same pattern as described for animals in Group A.
Plasma prolactin concentrations
In Group A there were no significant changes in plasma prolactin levels during the experiment. Concentrations remained low (<40 ng/ml) throughout except during the period of daily blood sampling when much higher levels ( > 80 ng/ml) were recorded on some days (Text- fig. 2a ). This response occurred in all treatment groups and coincided with the period when red blood cells were being returned to the circulation. In Group prolactin levels in all females were high ( > 40 ng/ml) when the daylength was 15L:9D, but declined to basal levels (<30 ng/ml) within 14 days of the reduction of daylength to 12L : 12D (Text-fig. 2b ). It was during this 14-day interval that the corpus luteum was reactivated as indicated by the transient peak of progesterone. Within treatment analysis of variance showed that the prolactin levels during 15L : 9D photoperiod were significantly higher (P < 0-01) than concentrations during 12L:12D daylength, while between-treatment comparisons revealed that concentrations during 15L : 9D photoperiod were significantly higher (P < 001, analysis of variance) than levels in Group A animals at this time. In Group C mean plasma prolactin levels were similar to those observed for Group A animals. There was no marked decline in levels when the daylength was reduced by 3 h as observed for Group animals (Text-fig. 2c ). In 3 animals which gave birth between 20 and 29 October there was a peak of prolactin coincident with parturition. This surge of prolactin at parturition has recently been described (Hinds & Tyndale-Biscoe, 1982b;  Tyndale-Biscoe, Hinds, Horn & Jenkin, 1983) , and accounts for some of the large variation in prolactin levels during this period of daily sampling.
Discussion
The present study has confirmed the finding of Sadleir & Tyndale-Biscoe (1977) that early termination of diapause in the female tammar occurs in a highly synchronized manner in response to reduced photoperiod. However, all females exposed to a constant daylength of 12L:12D also resumed breeding although at apparently random intervals after entry into the experimental pens. This response, also observed by Sadleir & Tyndale-Biscoe (1977) for 3 of 7 females, suggests that equinoctial daylength is permissive of reproductive activity so that, as in lactational quiescence, removal of pouch young resulted in immediate reactivation of the corpus luteum. The same response to removal of pouch young was observed in seasonal quiescence by Renfree, Lincoln, Almeida & Short (1981) for female tammars deprived of the superior cervical sympathetic ganglia in lactational quiescence. Sadleir & Tyndale-Biscoe (1977) also reported that their control group gave birth 1 month earlier than expected, and suggested that the experimental conditions were not fully equivalent to the natural environment. However, in the present study the animals in the control group gave birth or became oestrous at the expected time in late January or early February. The dates of birth and estimated times of reactivation were not significantly different from those recorded for animals in outside pens in Canberra or for animals on Kangaroo Island (Renfree & Tyndale-Biscoe, 1973) . We are unable to explain this result as there were no apparent differences in the experimental conditions used by Sadleir & Tyndale-Biscoe (1977) and us.
The endocrine changes associated with the photoperiod-induced responses were well defined, particularly with respect to plasma progesterone concentrations. The increase in plasma progesterone values clearly reflected reactivation of the corpus luteum and is very similar to the response observed by Tyndale-Biscoe & Hinds (1981 during the period of natural reactivation of the corpus luteum around the summer solstice. In eutherians exhibiting embryonic diapause, including the spotted skunk (Mead & Eik-Nes, 1969) , badger (Bonnin, Canivenc & Ribes, 1978) and mink (Meiler, 1973; Allais & Martinet, 1978) , the termination of diapause is associated with secretion of progesterone by the newly active corpus luteum. Moreover, for mink subjected to a 14L:10D photoperiod (Allais & Martinet, 1978) and for badgers placed in an artificial winter photoperiod (Canivenc & Bonnin, 1979) , the period of diapause was shortened and, after the change in photoperiod, plasma progesterone levels were similar to those observed at the normal time of implantation and during pregnancy. Similar correlations can be made with the progesterone concentrations found in this study of the tammar, particularly with respect to the transient peak of progesterone described by Hinds & Tyndale-Biscoe (1982a) . In the breeding season this peak occurs 5-6 ± 0-35 (mean ± s.e.m.) days after removal of pouch young; in the present study it occurred at this time in Group C but 8-14 days after the change in photoperiod in Group B. Nevertheless, the interval from the peak to birth was the same as in the normal delayed cycle, which indicates that there was a delay in the response of the corpus luteum of 3-9 days after the change in daylength when compared to the interval after the removal of pouch young.
The response of plasma prolactin concentrations to photoperiod change is not so well defined. Many seasonally breeding eutherian species, including sheep (Walton, McNeilly, McNeilly & Cunningham, 1977) , cattle (Koprowski & Tucker, 1973) , rhesus monkeys (Beck & Wuttke, 1979) , goats (Buttle, 1974) , white-tailed deer (Mirarchi, Howland, Scanlon, Kirkpatrick & Sanford, 1978) and the golden hamster (Bex, Bartke, Goldman & Dalterio, 1978 ) exhibit circannual and/or circadian variations in plasma prolactin and some studies strongly suggest that there is a close relationship between seasonal changes in photoperiod, prolactin levels and breeding activity (Walton et ai, 1977) . Tyndale-Biscoe & Hinds (1981 observed seasonal changes in prolactin levels in non-lactating tammars ; higher levels ( > 40 ng/ml) occurred in the second half of the year during seasonal quiescence when the daylength was increasing, and basal levels before the onset of reactivation of the corpus luteum after the summer solstice. In the present study, animals placed in a long daylength (15L:9D) had high prolactin values which subsequently decreased to basal concentrations when the daylength was reduced to 12L:12D. Since the blastocysts and corpora lutea of these females were reactivated during this period of declining prolactin concentrations, a close correlation between high prolactin values and non-breeding is suggested. These findings are consistent with the hypothesis of Tyndale-Biscoe & Hawkins (1977) that prolactin is the major factor causing inhibition of corpus luteum activity during quiescence. They found that injection of prolactin after removal of pouch young in lactational quiescence or after hypophysectomy in seasonal quiescence could delay reactivation of the corpus luteum for the duration of the treatment. Subsequent measurement of plasma prolactin levels demonstrated that there was a seasonal change in plasma prolactin concentrations (Tyndale-Biscoe & Hinds 1981) which supported the hypothesis and indicated that changes in the levels of prolactin could be important for the maintenance and termination of diapause. However, in the present study the low and unchanging levels of prolactin in Groups A and C indicate that quiescence and reactivation do not depend solely on changes in circulating prolactin levels. This result is not unlike the response of the tammar to bromocriptine at, and after, the summer solstice when plasma prolactin levels were consistently low; injection of bromocriptine at the summer solstice did not induce reactivation of the corpus luteum but, 2 months later, in the same group of animals it did (Tyndale-Biscoe .
The results of this study therefore support the conclusion of Tyndale-Biscoe & Hinds (1983) that, in addition to prolactin, other factors, perhaps of pineal origin, may also be involved in the inhibition of the corpus luteum.
